Astragalus membranaceus and Salvia miltiorrhiza (AM/SM) are well used in Traditional Chinese Medicines (TCM) for nourishing Qi and activating blood circulation method. From TCM theory, the pathogenesis of acute lung injury (ALI) was determined as Qi deficiency and blood stagnation. In this study, we are aiming to investigate the protective and therapeutic effects of AM/SM on a rat model of lipopolysaccharide-(LPS-) induced ALI in rats and to elucidate potential molecular mechanisms. ALI was induced by intratracheal instillation of LPS (5 mg/kg) in Sprague-Dawley rats. SM/AM was given orally before and after LPS administration. Results demonstrated that AM/SM attenuated lung histopathological changes induced by LPS, decreased wet/dry weight ratios and protein concentrations, and inhibited the production of tumor necrosis factor-alpha (TNF-) and interleukin-6 (IL-6) in BALF. Moreover, AM/SM significantly downregulated protein and mRNA expression of toll-like receptors 4 (TLR-4), interleukin-1 receptor-associated kinase-1 (IRAK-1), and nuclear factor-kappa B (NF-B/p65). These findings suggest that AM/SM showed protective and therapeutic effects in LPS-induced ALI rat through modulating TLR-4 signaling pathways. Nourishing Qi and activating blood circulation may be a beneficial treatment for ALI.
Introduction
Acute lung injury (ALI) and its more severe form, acute respiratory distress syndrome, are characterized by uncontrolled hyperinflammatory responses in the lung airspaces and lung parenchyma and involves alveolar capillary membrane damage, increased vascular permeability, neutrophils recruitment, pulmonary edema, and respiratory failure [1] [2] [3] . The mortality rate for acute respiratory distress syndrome has remained at approximately 40% over the past decades despite major advances in antimicrobial therapy and supportive care [4] , and its cause has direct injury, such as pneumonia or aspiration, and indirect injury, such as sepsis or trauma [5] . As the primary component of the outer membrane of Gram-negative bacteria, lipopolysaccharide (LPS), is an important risk factor for acute inflammatory responses and overwhelming innate immunity in ALI [6] . Intratracheal administration of LPS is a widely acceptable method to induce a clinical relevant model of ALI and has been widely used to study the pathogenesis of ALI and potential therapies [7] .
The toll-like receptor superfamily (TLRs), a major connective factor between innate and adaptive mucosal immune responses [8] , can recognize pathogen-associated molecular patterns (PAMPs), such as TLR-4 recognition of LPS. TLR-4 is a transmembrane protein that acts as a signal transduction molecule [9] . Once stimulated by LPS, TLR-4 is activated and recruits the adaptor molecule myeloid differentiation primary response gene 88 (MyD88) to the cytoplasmic domain of the receptor, which subsequently 2 Evidence-Based Complementary and Alternative Medicine induces the association and phosphorylation of interleukin-1 receptor-(IL-1R-) associated protein kinase 1 (IRAK-1) [10, 11] , ultimately promoting the activation of the transcription factor-nuclear factor-kappa B (NF-B) [12] . Activated NF-B initiates the excess production of proinflammatory cytokines such as tumor necrosis factor-alpha (TNF-), interleukin-(IL-) 6, and IL-1 [13, 14] , resulting in an uncontrolled inflammatory response and ALI.
Astragalus membranaceus Bunge (of the Leguminosae family) is well used in Traditional Chinese Medicines (TCM) for the treatment of general weakness to increase overall vitality according to the Chinese Pharmacopoeia (2015) . This herb has been extensively studied, mainly for its three main groups of biologically active compounds (polysaccharides, flavonoids, and saponins) [15] , and has been shown to exhibit immunomodulating, anti-inflammatory, antioxidant, and antiviral activities in modern medicine [16] . Salvia miltiorrhiza Bunge (of the Lamiaceae family) is highly valued in TCM for promoting blood circulation to remove blood stasis according to Chinese Pharmacopoeia (2015) . The principal bioactive components in this herb are hydrophilic phenolic acids and tanshinones [17] . Salvia miltiorrhiza possesses significant antioxidant, anti-inflammatory, and antineoplastic activities and has been used in various diseases, especially in coronary heart disease and cerebrovascular disease [18] [19] [20] [21] . Astragalus membranaceus and Salvia miltiorrhiza (AM/SM) constitute nourishing Qi and activating blood circulation herbs to prevent and treat LPS-induced ALI in rats. Our previous clinical studies have found that intervention with supplementing Qi and activating blood circulation herbs can effectively protect the lung function in ALI patients who received ventilation [22] . Following from these studies, we aimed to further elucidate the potential effective mechanisms at the molecular level. Because of the important role of the TLR-4 signaling pathway in inflammation, we tested whether AM/SM could ameliorate LPS-induced ALI through regulation of TLR-4, IRAK-1, and NF-B/p65 in this study, hypothesizing that it could explain the possible role of AM/SM in the protection of inflammatory response-induced lung injury. For the traditional decoction, the above mixed dry herbs were soaked into 10 times of water for 1 h and boiled 30 min to get the extracted solution and then boiled for another 30 min to get the extracted solution; this preparation method was established according to the ancient Chinese method. The two times extracted solutions were mixed together and concentrated on a rotary vacuum evaporator. The final concentration was each millilitre containing 0.59 g of crude drugs, which was in accordance with the dose calculation of the body surface area ratio between humans and rats.
Material and Methods

Construction of ALI Model and AM/SM Treatment.
After a 1-week acclimatization period, forty rats were randomly divided into five groups of eight per group: sham group, LPS group, Dex (5 mg/kg) group, AM/SM treatment group (herb I), and AM/SM prophylaxis therapeutic group (herb II). Rats were either given saline or drugs. The herb II group was given intragastric administration of AM/SM (0.59 g/mL, 10 mL/kg) once per day for 3 consecutive days. Rats in the sham, LPS, Dex, and herb I groups received normal saline at a dose of 10 mL/kg once per day for 3 consecutive days.
On day 3, 2 h after administration, rats were anesthetized with an intraperitoneal injection of pentobarbital sodium (30 mg/kg) solution (1 mL/kg of 3% pentobarbital sodium solution). Skin preparation was performed at the throat of the rats. After regular disinfection, the throat was incised longitudinally with the rat head in the higher position. Skin and subcutaneous tissue were separated layer by layer, until the trachea was exposed. Then, rats for the model of ALI (LPS, Dex, and herbs groups) received a single intratracheal instillation with 5 mg/kg LPS (2.5 mg/mL, diluted with phosphatebuffered saline (PBS), 0.2 mL/100 g body weight) to induce ALI. Control rats from sham group were given intratracheal administration of an equal volume of sterile PBS in the same way. Finally, the incision was sutured.
Two hours after the intratracheal administration, herb I and II groups received AM/SM (0.59 g/mL, 10 mL/kg), the Dex group received dexamethasone (5 mg/kg), and the sham Evidence-Based Complementary and Alternative Medicine 3 and LPS groups received normal saline (1 mL/kg) once per day for 3 consecutive days. Drug doses were determined based on previous studies and our preliminary experiments.
Collection of Bronchoalveolar Lavage Fluid and Lung
Tissues. Six hours after the last administration, rats were killed by exsanguination and the thoracic cavity was surgically exposed. The hilum of the right lung was ligated and the left lung was lavaged with 2 mL ice-cold PBS (pH 7.2) three times (total volume 6 mL). The recovery ratio of the fluid was about 90%. Collected bronchoalveolar lavage fluid (BALF) was immediately centrifuged at 1,500 rpm for 10 min at 4 ∘ C and the supernatant stored at −80 ∘ C for inflammatory cytokine analysis. The bilateral lungs were dissected and left lungs were snap frozen in liquid nitrogen and stored at −80 ∘ C for quantitative real-time PCR (qPCR).
Measurement of Lung Wet/Dry Ratio and Protein Concentration in BALF.
The wet/dry ratio is an index of pulmonary edema. The inferior lobe of the right lung was excised and the wet weight was recorded before being placed in an incubator at 60 ∘ C for 72 h to obtain the dry weight. The lung wet/dry weight ratio was calculated for each group. To evaluate vascular permeability in the lung, the total protein concentration in BALF was determined using the BCA method according to the manufacturer's instructions.
ELISA Assay for TNF-and IL-6 in BALF. Levels of TNF-
and IL-6 in BALF were determined by ELISA according to the manufacturer's instructions. The optical density of each well was measured at 450 nm using a microplate spectrophotometer, and results were calculated according to standard curves.
Histological Examination.
The middle lobe of the right lung was excised, fixed in 4% paraformaldehyde for 24 h at 4 ∘ C, embedded in paraffin, and sectioned (4 mm thick). Hematoxylin and eosin (H&E) staining was performed according to the standard protocol. Pathological changes in lung tissue were observed under a light microscope.
2.9.
Immunohistochemistry. The upper lobe of the right lung was excised and fixed in 4% paraformaldehyde for 24 h at 4 ∘ C, embedded in paraffin, sectioned (4-mm thick), deparaffinized with xylene, and hydrated with a graded ethanol series. Sections were then heated in citrate buffer (pH 6.0) in a microwave. Endogenous peroxidase activity was blocked with 3% H2O2 for 10 min. Sections were washed with PBS and blocked with 10% goat serum for 15 min at room temperature. Sections were then washed with PBS again and incubated with a rabbit anti-TLR-4 antibody (1 : 200 dilution), a rabbit anti-IRAK-1 antibody (1 : 400 dilution), and a rabbit anti-NF-B/p65 antibody (1 : 200 dilution), respectively, overnight at 4 ∘ C. Negative controls were incubated in PBS in place of the specific primary antibody. The following day, after washing, sections were incubated with biotinylated secondary antibodies conjugated to goat antirabbit antibody at room temperature for 20 min and then with streptavidin-horseradish peroxidase. Finally, all sections were stained with 3,3 -diaminobenzidine tetrahydrochloride and lightly counterstained with hematoxylin. The expression and localization of TLR-4 and NF-B protein were examined under a light microscope. Six visual fields were randomly selected from each section for quantitative analyses. The integrated optical density (IOD) of the positive products in the lung was measured by 6.0 analysis system.
2.10
. RNA Extraction and qPCR. qPCR was used to measure transcript levels of TLR-4, IRAK-1, and NF-B. Total RNA was extracted from 50 mg of lung tissue using a Biomed RNApure kit. One microgram of RNA was reverse transcribed into cDNA using the M-MLV III First-Strand Synthesis System. The system was performed at 42 ∘ C for 50 min and terminated by deactivation of the enzyme at 85 ∘ C for 15 min. In a parallel experiment, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control. PCR primers were TLR-4 (140 bp): 5 -AGTTGGCTCTGCCAAGTCTCAGAT-3 (forward), 5 -TGGCACTCATCAGGATGACACCAT-3 (reverse); NF-B (145 bp): 5 -ACATCCCTCAGCACC-ATCAA-3 (forward), 5 -TTGGTACCATGGCTGAGGAG-3 (reverse); and GAPDH (116 bp): 5 -AAGGGCTCATGA-CCACAGTC-3 (forward), 5 -GGATGCAGGGATGAT-GTTCT-3 (reverse). qPCR reaction conditions were performed using SYBR Green qPCR MasterMix and a StepOne6 Real-Time PCR System (StepOne 7900; Applied Biosystems, Carlsbad, CA, USA). PCR amplification conditions were initial denaturation at 95 ∘ C for 10 min, followed by 40 cycles of denaturing at 95 ∘ C for 15 s, annealing at 60 ∘ C for 1 min, and a final extension step at 60 ∘ C for 5 min. We used a comparative method (2 −ΔΔCT ) to calculate the amount of mRNA of the target gene, where ΔCt = Ct (target gene) − Ct (reference gene) and ΔΔCt = ΔCt (sample) −ΔCt (control).
Statistical
Analysis. Data were analyzed using SPSS version 17.0 statistical software (SPSS, Chicago, IL, USA). Values are expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used for multiple comparisons among groups. A -value < 0.05 was considered statistically significant.
Results
Effect of AM/SM on Lung Wet/Dry Ratio and Protein Concentration in BALF.
Lung wet/dry ratios and BALF protein concentrations significantly increased after LPS challenge compared with the sham group ( < 0.01) (Figures 1 and 2) . However, the Dex and herb groups showed obvious decreases in ratios and protein concentrations compared with the LPS group ( < 0.01), and the Dex and herb II groups were significantly lower than the herb I group ( < 0.05 and < 0.01, resp.). No significant differences in wet/dry ratios were found between the Dex group and the herb II group. Results suggested that SM/AM herbs could alleviate LPS-induced pulmonary edema and decrease vascular permeability in the lung, exploiting preventive and therapeutic effects.
Effect of AM/SM on Lung Histology.
Histopathological analyses were performed to investigate the effects of AM/SM on physiological parameters. Lung tissue in the sham group showed a normal structure, with no evident histopathological changes. In contrast, lung tissue from the LPS group showed significant pathological changes, with pulmonary congestion, interstitial edema, alveolar wall thickness, and mass inflammatory cell infiltration. The pathological changes in lung tissue were alleviated with AM/SM and dexamethasone treatment compared with the LPS group. The results suggested that AM/SM could attenuate the severity of LPS-induced lung injury and improve the condition of the lung tissue (Figure 3 ).
Effect of AM/SM on TNF-and IL-6 Levels in BALF.
To determine the effects of AM/SM on LPS-induced cytokine production, concentrations of the proinflammatory cytokines TNF-and IL-6 in BALF were measured using ELISA. LPS challenge significantly increased TNF-and IL-6 levels in BALF compared with the control group (Figures  4(a) and 4(b) ). Dexamethasone and herb treatment decreased TNF-and IL-6 levels compared with the LPS group. There were no significant differences in TNF-levels in BALF between the Dex and herb II groups. The herb II group showed significantly reduced TNF-and IL-6 levels compared with the herb I group. The results suggest that AM/SM could attenuate the inflammatory reaction in LPS-induced ALI.
Effect of AM/SM on the Protein Expression of TLR-4, IRAK-1, and NF-B.
To further investigate the mechanisms of action of AM/SM on LPS-induced ALI, mRNA and protein levels of TLR-4, IRAK-1, and NF-B/p65 were detected using qPCR and immunohistochemistry, respectively. As shown in Figure 5 (a), a few positive products (the expression of TLR-4 protein, IRAK-1 protein, and NF-B protein) were observed in lung tissue of the sham group. In contrast, lung tissue from the LPS group showed a large number of positive products. Compared with the LPS group, positive products in lung tissue were reduced with AM/SM and dexamethasone treatment. TLR-4 protein and IRAK-1 protein in the herb II group were lower than that in the herb I group. No significant differences in TLR-4 and IRAK-1 protein were found between the Dex group and the herb II group (Figures 5(b) , 5(c), and 5(d)).
Effect of AM/SM on the mRNA Expression of TLR-4, IRAK-1, and NF-B.
As for the PCR results, expression of TLR-4 mRNA, IRAK-1 mRNA, and NF-B/p65 mRNA was markedly upregulated compared with the sham group with LPS challenge, while treatment with AM/SM and dexamethasone significantly decreased the levels compared with the LPS group. TLR-4, IRAK-1, and NF-B/p65 mRNA levels in the herb II group were lower than that in the herb I group. No significant differences in TLR-4 and IRAK-1 mRNA were found between the Dex group and the herb II group ( Figures  6(b), 6(c), and 6(d) ).
Discussion
The pathological characteristics of ALI are alveolar capillary permeability increases, extensive neutrophils infiltration, inflammatory mediators release, and pulmonary edema [23] . Inflammatory cell recruitment is an important initial step in the host defense against inhaled toxicants, leading to the pulmonary capillary damage and an increase in alveolar epithelial permeability [24] . Then a large number of inflammatory mediators are released, resulting in inflammation. Diffuse alveolar damage occurs with the cascading process of inflammation, developed from epithelial barrier dysfunction, endothelial dysfunction, and pulmonary edema [25] . In LPSinduced ALI models via intratracheal instillation, LPS triggers the TLR-4 signaling pathway and induces the expression of inflammatory cytokines, resulting in loss of microvascular and epithelial integrity and increased interstitial and alveolar edema [7, 26] . TCM formulae generally claim efficacy in treating lung disease based on its multiple bioactive compounds and good compliance for long-term use [27] . Ethnological medicinal plants have gained increased attention as they are an important source of complementary and alternative medicine [28] . From TCM theory and our own previous studies [22] , the pathogenesis of ALI was determined as Qi deficiency and blood stagnation; therefore, we used AM/SM herbs to nourish Qi and activate blood circulation in this study. We investigated the protective and therapeutic effects of AM/SM on a rat model of LPS-induced ALI to elucidate potential molecular mechanisms. We found that AM/SM attenuated LPS-induced lung histopathological changes, decreased the wet/dry weight ratio, and inhibited or suppressed protein and proinflammatory cytokine concentrations in BALF. In particular, AM/SM significantly downregulated protein and mRNA expression of TLR-4, IRAK-1, and NF-B. These results suggest that the effects of AM/SM on LPS-induced ALI are possibly because of its ability to modulate TLR-4 signaling pathways and that this particular method for nourishing Qi and activating blood circulation may be a beneficial treatment for ALI. Dexamethasone was used as a positive control drug. It can also attenuate LPS-induced lung histopathological changes, decrease the wet/dry weight ratio and vascular leakage, and have anti-inflammatory mechanism. The lung wet/dry weight ratio is an index reflecting the magnitude of pulmonary edema, resulting from increased alveolar capillary permeability and the accumulation of a large number of proteins in fluid [29] . In the current study, the lung wet/dry ratio of the herb I (AM/SM treatment after LPS administration) and herb II (AM/SM treatment before and after LPS administration) groups was lower than that of the LPS group, suggesting that AM/SM has protective therapeutic effects on LPS-induced ALI. As protein extravasation, resulting from widespread destruction of alveolar epithelium, is considered an indicator of vascular leakage [30] , we measured the total protein concentration in BALF. We found that total protein concentrations in both Dex group and herb groups were remarkably reduced compared with the LPS group, while the therapeutic effect of dexamethasone was better than that of herb.
To further evaluate the effects of AM/SM on LPS-induced ALI, lung histological changes were detected. Microscopically, the lungs in the LPS group showed significant pathological changes, including pulmonary congestion, interstitial edema, alveolar wall thickening, and inflammatory cell infiltration. The magnitude of these changes decreased in the herb groups. These results suggest that AM/SM can improve pathological lung changes and attenuate pulmonary edema and vascular leakage, indicating that AM/SM has protective and therapeutic effects on LPS-induced ALI.
Proinflammatory cytokines, produced in the early phase of ALI, can amplify the inflammatory responses and result in pathological injuries in ALI [31, 32] . TNF-and IL-6 are characteristic early cytokines associated with the inflammatory process of ALI [30, 33] . TNF-plays an important role in lung tissue damage and dysfunction, and the level of TNF-is associated with the degree of tissue damage [34] . As a cytokine with a primary and strong effect, TNF-can damage vascular endothelial cells, inhibit the release of the alveolar surface-active substances, and increase alveolar capillary permeability and pulmonary edema [35] . Furthermore, TNF-can induce the production of other inflammatory cytokines, including IL-6, which stimulates the migration and adherence of neutrophils to endothelial cells [36] . If the level of IL-6 continues to increase in inflammatory diseases, complications and mortality are often accompanied [37] . In the current study, LPS challenge caused a significant increase in TNF-and IL-6 levels in BALF, whereas dexamethasone and AM/SM significantly lowered the levels, with the effects in the herb II group and Dex group being stronger than those of the herb I group. These results suggest that the effects of AM/SM on this rat model of LPS-induced ALI were partly attributed to the inhibition of inflammatory factors. Dexamethasone can also attenuate the inflammatory reaction in the lung and herb group II was comparable to Dex group for the anti-inflammatory effect.
To explore the possible molecule mechanisms behind the protective and therapeutic effects of AM/SM on LPS-induced ALI, we examined the activity of TLR-4/NF-B signaling pathways in the lung. TLR-4 is one of the most important signal-transducing receptors for structurally diverse microbial molecules (LPS) and can activate NF-B to regulate the expression of inflammatory cytokines [12, 38] . Several lines of evidence suggest that upregulated expression of TLR-4 in lung tissue is closely associated with high mortality and pathophysiology of ALI [34, 39] . Critical signaling pathways that are initiated after interaction of TLR-4 involve IRAK-1 [40, 41] . Activation of IRAK-1 results in increased transcription of NF-B/p65, which is an important nuclear transcription factor and a regulator of many genes involved in ALI [14, 42] . Previous studies have reported that NF-B plays pivotal roles in immune and inflammatory responses through the regulation of the expression of several proteins, including proinflammatory cytokines, adhesion molecules, and chemokines [43, 44] . A large body of research indicates that treatments focusing on regulating TLR-4/NF-B signaling might play a positive role on the resolution of lung injury [27, 30, 39, 45] . Some surface receptors (TLR-4), intracellular signaling molecules (IRAK-1), and nuclear activation factors (NF-B) involved in LPS responses are functionally altered in ALI. In the current study, we used qPCR and immunohistochemistry to detect mRNA and protein expression of TLR-4, IRAK-1, and NF-B/p65, as appropriate. With stimulation by LPS, TLR-4, IRAK-1, and NF-B/p65 mRNA levels showed remarkable increases, as did protein levels (as evidenced by brown particles on imaging, which is reflective of a positive signal). Both herb groups showed decreased expression levels of these molecules compared with the LPS group, with decreased levels being most apparent in the herb II group. These results suggest that AM/SM showed protective effects in LPS-induced ALI rat through downregulation of the TLR-4/IRAK-1/NF-B signaling pathway.
Conclusions
In this rat model of LPS-induced ALI, AM/SM administration improved lung histopathological changes, reduced lung wet/dry weight ratio, and decreased vascular leakage and inflammatory cytokine release. The effects of the prophylactic-therapeutic measure were observed to be the best. The mechanism behind AM/SM for the prevention and treatment of ALI may be associated with downregulation of the TLR-4/IRAK-1/NF-B signaling pathway (Figure 7) .
The results of this study suggest that nourishing Qi and activating blood circulation show potential as an efficient therapeutic treatment for ALI in clinical application. Further comprehensive studies are required to examine other possible molecular mechanisms.
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